The prognosis of out-of-hospital cardiac arrest has improved in Japan due to the increasing availability of automated external defibrillators. However, priority should be placed on specificity to not perform unnecessary waveforms rather than sensitivity to perform defibrillation on necessary waveforms. This report describes a case in which the f-wave of bradycardic atrial fibrillation was erroneously analyzed and defibrillated. Health care workers should be aware that the f-wave of bradycardic atrial fibrillation may be erroneously assessed as fine ventricular fibrillation; they should change it to the manual mode and respond as necessary.
Introduction
With the availability of automated external defibrillators (AEDs), the prognosis of out-ofhospital cardiac arrest has improved in Japan and the US [1, 2] . AEDs are presently in widespread use in Japanese communities, following recommendations by the Japan Resuscitation Council (JRC), the American Heart Association (AHA), and the Association for the Advancement of Medical Instrumentation (AAMI). When using AEDs, priority should be given to specificity to not perform unnecessary waveforms, rather than sensitivity to perform defibrillation on necessary waveforms [3] [4] [5] . In Japan, the breakdown of inappropriate AED operation was 35.4% when not defibrillating necessary defibrillation waveforms, 10.5% for defibrillation requiring unnecessary defibrillation waveforms, and 55.6% for other factors [6, 7] . In addition, a previous study reported 4% of false positive rate in shock advice and no harmful outcome for patients. This report describes a case of AED inappropriately operated for the f-wave of atrial fibrillation lacking a QRS wave [7] .
Case Report and Presentation
The patient was a 52-year-old male with an initially unknown medical history. He was estranged from his family even after their identification. He collided with a stopped passenger car while on a motorbike. After the collision, the car's driver realized the patient had no response and alerted the local emergency medical service (EMS). The EMS reached the patient 5 min later and found him in cardiopulmonary arrest (CPA). The initial waveform indicated pulseless electrical activity (PEA). An AED electric shock was applied to the ventricular fibrillation (VF)-like waveform, resulting in the return of spontaneous circulation (ROSC). However, PEA returned. The patient again went into CPA and was transported via ambulance to the Advanced Critical Care and Emergency Center at Yokohama City University Medical Center, a tertiary emergency medical center.
The EMS delivered the patient to our institute within 19 min. Upon arrival, his initial vital signs were as follows: CPA with PEA, body temperature of 36.8°C, with no peripheral cooling sensation. Both pupils were dilated by 6 mm. The patient's right front forehead and lower leg were crushed. Arterial blood gas tests revealed a pH of 6.83, PaCO2 of 141.0 mm Hg, PaO2 of 43.6 mm Hg, FiO2 of 1.0, bicarbonate of 22.3 mEq/L, lactate of 9.8 mmol/L, hemoglobin of 15.2 g/dL, and troponin-I of 0.059 ng/mL.
After initial chest compressions, the patient regained ROSC. At the time, his vital signs were as follows: blood pressure of 124/72 mm Hg, heart rate of 66 beats/min, and respiratory rate of 21/min, with 100% oxygen saturation on a 10 L reservoir mask. Oral endotracheal intubation was performed in the emergency room, and artificial respiration was started. Initially, we considered CPA due to VF, but the electrocardiogram after resuscitation showed the patient had a heart rate of 46 beats/min and bradycardic atrial fibrillation, with a right bundle branch block (Fig. 1) .
We then conducted chest and pelvic X-rays, which indicated no obvious rib fractures, massive hemothorax, pneumothorax, or pelvic fracture. We also performed the Focused Assessment with Sonography in Trauma (FAST). There was no liquid retention in the patient's peritoneal cavity. Computed tomography imaging (CT) revealed a vertical fracture line in the patient's second cervical vertebral body (Fig. 2a) . A transthoracic cardiac ultrasound examination showed no obvious valvular diseases, but there was a diffused wall motion decline in the left ventricle. Coronary angiography demonstrated no significant coronary artery stenosis.
Intravenous pacing was introduced in the angiography room. The patient was then admitted to the intensive care unit. Later, analysis of the AED monitor waveform in the ambulance initially indicated tachyarrhythmia/atrial fibrillation. The QRS wave was gradually lost and became bradycardic atrial fibrillation with an f-wave only.
The patient's clinical course during hospitalization was as follows: On day 1, catecholamine administration was started while pacing continued. Hypothermia therapy with a target temperature of 34°C was initiated against prolonged unconsciousness after cardiopulmonary resuscitation. This continued for 36 h until it was recovered. Bradycardic atrial fibrillation gradually improved and catecholamine was also discontinued under the administration of aluminum sulfate. Intravenous pacing was discontinued on day 5, the same day we performed magnetic resonance imaging (MRI) of the patient's neck (Fig. 2b) . T2-weighted MRI imaging indicted a high signal area in the spinal cord on the dorsal side of the 2/3 cervical vertebrae. The patient remained unconscious and was transferred to a hospital near his home on day 15.
Discussion and Conclusion
This report described a case in which AED was inappropriately conducted for an f-wave of atrial fibrillation lacking a QRS wave. After resuscitation, intravenous pacing was performed on bradycardic atrial fibrillation caused by cervical spinal cord injury. Hypothermia therapy was then administered due to the prolonged impairment of consciousness, but the patient did not improve and was transferred to another hospital.
We suspected that the cause of CPA was respiratory arrest and neurogenic shock associated with cervical cord injury. Initially, considering VF, an analysis of the electrocardiogram waveform revealed that defibrillation was performed on the f-wave of bradycardic atrial fibrillation. Since 2006, Japanese law has allowed EMS personnel defibrillation, tracheal intubation, and adrenaline administration in patients with CPA [8] . Analyzing the waveform at prehospital for the emergency services and judging the adaptation of defibrillation would have been difficult in this case because AED was used. We also considered sympathetic nerve excitement, hypoxia, and shock as possible causes of the patient's bradycardic atrial fibrillation.
The AED analyzes four parameters: amplitude, heart rate, conductivity, and the rate of change. It also determines the adaptation of defibrillation. In the AED analysis, defibrillation is indicated when the amplitude is 100 μV or more, the heart rate is 135 beats/min or higher, there is poor conductivity, and the stability is low [9] [10] [11] [12] . The AED prioritizes specificity (with a proportion not to defibrillate unnecessary waveforms) over sensitivity for safety [3] [4] [5] . In the present case, defibrillation was performed to 99.7% of VF and 81% of ventricular tachycardia, and it was set so that 100% defibrillation was not enforced by static quiescence and normal sinus rhythms. However, in this case, the f-wave was erroneously analyzed as a fine VF, and defibrillation was in effect [13] . Typically, tachycardic atrial fibrillation gradually lost the ORS wave with high-degree atrioventricular block and slow ventricular escape rhythm, then only f-wave appeared. No escape beats occurred. A shock was delivered because isolated f-waves were erroneously interpreted as VF.
Considering that this case involved CPA after blunt trauma, some institutions would have implemented resuscitative thoracotomy (RT). The exact CPA time in our patient was unknown, and RT was carried out in the emergency room. It is often administered to patients suspected of severe trauma, especially hemorrhagic shock or the traumatic shock of trunk trauma. However, in this case, the patient was not suspected of being cardiogenic because there were no obvious injuries or peripheral cold sweats in his trunk. Repeated VF caused his heartbeat to resume, so RT was not administered. In a similar case, manufacturers recognize this type of misanalysis due to baseline swings and artifacts and take measures. Routinely analyzing AED electrocardiograms is important, and we should know this type of analysis might occur.
In conclusion, this report described a case in which the f-wave of bradycardic atrial fibrillation was erroneously analyzed and defibrillated. Health care workers should be aware that the f-wave of bradycardic atrial fibrillation may be erroneously assessed as fine VF; they should change it to the manual mode and respond as necessary. 
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